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INTRODUCTION 

oata for this report were collected during the joint Canada/Japan 1978 

mesh selection research program. Two cruipes were carried out on the Japanese 

commercial stem trawler, Shirane Maru, fran June 3 to July 3, 1978 (Cruise 1) 

and fran October 17 to November 16, 1978 (cruise 2). Each cruise was divided 

into two legs of approximately fifteen days duration. The purpose of the 

cruises was to conduct a mesh selectivity study and to determine the biology and 

dis_ttibution. The random nature of the sampling permitted the present estimation 

of abundance of Illex illecebrosus. 

The four stations defined for the cruises were 1) Emerald Basin, 2) Sable 

Island Bank, 3) Banquereau Bank, and 4) Emerald Bank (Figure 1). The survey 

stations were determined by virtue of the high squid landings in 1977 in those 

areas. In abundance surveys, concentrated sampling in areas of high fish 

density is preferable to spreading sampling effort evenly throughout a very 

large area (Saville, 1977). Although there is distinct seasonality in the 

distribution and abundance of squid, their summer offshore presence is evident 

throughout the sampling areas {Waldron, 1978}. The significant year-to-year 

.changes in abundance (Amaratunqa et al., 1978) dictates that this type of 

survey be carried out over several years. 

This survey attempted to minimize random and systematic errors usually 

encountered in population surveys. Random errors due to variances between 

individual hauls result in low precision. An attempt was made to maximize 

precision by increasing the number of hauls and also by stratifying sampling. 

systematic error due to biases which affect accuracy result from such factors 
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as use of wrong gear, mesh selectivity, diurnal changes (Saville, 1977). 

These factors were intrinsically checked in the survey_ 

The areal expansion method. has been c~ly used in assessing stock 

size (eq., scott, 1976; Ikeda et al., 1973). Sissenwine (1976) critically 

reviewed this and other assessment method~. and many drawbacks were pointed 

out. Recoqnizinq the.e limitations and that under-estimation of catch per 

unit area (Ikeda et al'., 1973) is likely, the present study used this direct 

(areal) method to obtain indications of abundance and relate them to distri­

bution aspects of.ill!!.. The data also provided an insight to gear performance. 

METHOD 

In Cruise 1, 110 sets were made in each leg, within the four stations, 

using a standard bottom trawl equipped with covered codends (Amaratunga et al., 

1979). Of these, only 108 sets per leg were applicable to this study (see 

below). Three codend mesh sizes of 45 mm, 60 mm, and 90 mm with corresponding 

covers of 20 mm, 35 mm, and 40 rom were used, one codend per "day, at each station. 

Sampling was depth stratified and the locations were randomly placed on suitable 

contours at depths ranging from 50 m to 300 m. Sets were one-half hour long 

and were condllctL-d t.hroughout the day. An average of nine set~ were done per 

24-hour period (day). The physical data collected for each set included date, 

gear type (defined by codend mesh size) and starting and finishing depth, time 

of day, location, and surface and bottom temperature. Catch weight (kg) for 

codend and cover were recorded by species. 

cruise 2 occupied only the latter three stations, with minor alterations 

to the coordinates in order to accalmOdate deep-water sets (Figure 2). In 

Legs 1 and 2, 85 and 90 sets were made, respectively. Of these, only 78 and 

75 sets of Legs 1 and 2, respectively, were used in the abundance estimations 

as several of the trawls were invalidated due to torn nets and "search and 

fish" techniques which were non random. The sets were one hour long (except 

for tbe first set in Leg 1 which was one-half hour), and an average of seven 

sets were done in a day. sampling was depth stratified at suitable contours 

ranqing from 100 m to 1000 m. Set data were the same as those, taken on 

Cruise 11 however, different codend !lesh sizes were used. In Leg 1, codend 

.uh ai&aa of 60 1m, 90 _, and 130 ... had covers of 35 DIll, 40 mIn, and 60 1rIm, 
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r.~1vely. In Leg 2, codend IIWtsh .ize. of 90 1IIn, 100 1I'IIl, and 130 1M!. had 

covers of 40 mm, 60 mm, and 75 mm, respectively. 

The biomass estt.ates were calculated from squid catch weights by the areal 

expansion method. 

The catch per unit area of Illex, Ca, was calculated as follows: 

Ca = CalK (kg/hectare) 

where: Co is the catch per tow (kg), and K is the area swept by the trawl 

(hectares), calculated by: 

K 

where: ~ is the distance between tra~l doors (m), 1853 is the number of meters 

in a nautical mile, L is the distance travelled by the trawl in each tow 

(nautical miles), and 10000 is the number of square meters in a hectare. 

The stock abundance, BID, was calculated by: 

Brc .., H x Ca/q 

where: H 1s the area of each station (hectares), and q is the catchability 

coefficient. 

The distance travelled by the trawl (L) was calculated from the starting 

and finishing latitudes and longitudes as the boat spec~ for each tow was 

not recorded. 

The catch per unit area of Illex was determined in this manner for each 

tow, and an average catch per area was calculated for each station and analysed 

in relation to mesh size, time, and depth. 

RESULTS 

catch data summarized in Table 1 show true averages of squid catches in 

relation to other fish. The summary whi~h incorporates data from all sets 

show equid were encountered in most sets. The averages in Cruise 1 usually 

ranged less than 50 kg per one-half hour tow. In Station I of Leg 1, there 

were two unusually large squid catches which resulted in the apparent high 

average for that station. By-catch in Cruise I was very high. The averages 

in Leg 1 of Cruise 2 ranged close to 200 kg per one hour tow. Much higher 

averages observed in Leg 2 were' a result of "search and fish" methods 

(commercial methods) employed on one set each day_ 

The biomass estimates (Table 2) were made utilizing only data from valid 

sets. Observed catch per unit area (CAl during Cruise 1 (June) was significantly 
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lower than in Cruise 2 (October/November). Similarly, CA in both cruises 

progressively increased during the time lapse from Leg 1 to Leg 2. While 

biomass progressively increased with time. numbers of squid remained relatively 

uniform through Cruise 1 and Leg 1 of Cruise 2. There was a significant 

increaae in m.bera in Cruise 2, Leg 2. 

Station 2, sable Island Bank, consistently had ~elatively high CA values. 

This wa. most apparent in Cruise 2 when largest biomass values were recorded 

in this station in both Legs 1 and 2. In Cruise 1. Leg 1, the largest biomass 

was recorded in Station.l. TWo sets with large catches in this station resulted 

in this upward bias. In the absence of these two anomalies, the catch per 

hectare decreased from 2.591 (Table 2) to 0.083 with a biomass estimation at 

q -= 1 of 50.4 wr. If these anomalies were taken into (';ot\l-;idC!rat ion, Cruise I 

would consistently have recorded the largest biomass in Station 4. Emerald 

Bank. 

'fable 3 .~i.e. data stratified. by codend mesh size. Average catch 

per unit area were tabulated by station for each leg. It is important to 

note here that gear type referred to as 001 or 45 mm, 002 or 60 mm, etc. 

identify only the codend mesh size and make no reference to the cover mesh 

size. Since the covers presumably retain escapees from the cod ends (Amaratunga 

et al., 1979), it is the cover mesh size that is applicable to this study. 

However, codend mesh sizes are used here for convenience, especially in 

relation to the mesh selection Study of this program. All calculations during 

thi$ study took the total combihed weights of cod end and cover. 

Table 3 and Figure 3 show the 90 mm gear type consistently had highest 

mean catch per unit area although the pattern was not as consistent at each 

station. The smaller mesh sizes apparently decreased the fishing efficiency. 

The larger mesh sizes were used only in Cruise 2 when the squid were large 

(Amaratunqa and Roberge, 1979) and squid behavior influences catchahility 

(Amaratunqa et al., 1979). 

The depth stratified sampling strategy of this program was altered 

during the program. Cruise 1. Leg 1 carried out sampling by alternating at 

depths cl0.e to 150 am and 250 m. Subsequent legs attempted to fish at depth 

contour. of 50-100 m intervals. During Cruise 1,- the maximum depths attempted 

were close to 300 11., while in Cruise 2, attempts were made to go down to 

1000 m. The lliniauJl depth sampled was 73 III. 
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Cat~ per uait ar .. at varioo. depths were eross-tabulated by station 

and by lag (Table 4). Cruise 1 data are presented in two sets of depth regimes 

in order to accommodAte Cruise 1, Leg 1 strategy_ In Cruise 1, CA values were 

greatest between 50-150 m, while in Cruise 2 the values were greatest at 

150-250 m. During Cruise 2, a second mode was apparent between 350-450 m in 

Leg 1 and between 450-550 m in Leg 2 (Figure 4a and b). Preliminary field 

observations indicated these deeper water squid were larger and more mature. 

Tabla 5 and Figure 5 show lar,.st catches per area were made during 

daylight hours. The period between 06:00 hr and 12:00 showed largest CA 

values in Cruise 1, Leg 2, and Cruise 2, while 12:00 hr to 18:00 hr was best 

in Cruie. 1, Leg 1. 

DISCUSSION 

This procedure of estimating abundance gives only approximations to the 

true conditions. The constant q, referred to as catchability coefficient, 

is difficult to estimate. However, a range of q = 1.0 to q 0.5 (Table 2) 

was used to represent the amalgam of many factors that come into play. 

The preliminary difficulty is estimating the proportion of the stock which 

becomes available to the gear. When determining area swept by the gear, the 

stock is assumed to be uniformly distributed over the area (Gulland, 1969); 

but the evidence is that squid distribution (seasonally and geographically) 

is patchy (Summers, 1969). This was also apparent from a few unusually large 

squid catches landed during this program. The present study also showed a 

diurnal component to their distribution, when the bottom trawl consistently 

showed larger CA values during the daylight hoUrs. 

savill. (1977) points out that a proportion of the population is not 

available to the tr.v~ beyond the head rope and foot rope. Similarly, the 

voluae actually ...pt by the trawl viII not capture all squid. Amaratunga 

at al. (1979) showed avoidance behavior of squid. The calculation of area 

swept by the trawl 1. more critical. The opening of the trawl mark, D, 

used to calculate area swept was set at 110 m; the estimated distance between 

the trawl doors. This value takes into consideration the herding effect of 

the doors. Herding, however. is not 100' efficient. In addition, the distance 

between the doors is n~t constant, and is affected by factors such as vessel 
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speed. Thus. there are intrinsic.inaccuracies in estimating X (Mesn!l. 1977), 

and hence, biomass. 

The absolute biomass values reporteq in this paper must therefore be 

considered as estiBations. These eetimations, in fact, are liable to vary 

conaiderably with t1ae, location, gear, etc. (Saville, 1977). The biomass 

e.~faatioft. in Table I, therefore, essentially relate to the specific areas 

and tile t1ae period. un&!er consideration. The critical aspect of this study 

relates to the relative abundanee of stock within the parameters studied. 

. There were very few recordings of squid catches prior to June, 1978 

(Amaratunga and Roherge, 1979). When the survey began on June 3, very small 

biomass" recordings were made in Station 1 (Table 2). These increased fran 

9.r NT (at q = 1) to 50.4 MT in approximately two weeks. A further increase 

was evident in the next few days (first three days of Leg 2). Similarly, 

biomass estimation in Stations 2, 3, and 4 in Cruise 1, Leg 1, showed increments 

in Leg 2. This indicated an apparent ~gration of squid to the sample 

areas (Amaratunga et a1., 1979). This may then be considered as the recruitment 

phase of the 1978 stock. In order to clarify the probable bnmigration pattern 

from observations on biomass estimations. it was necessary to determine the 

numbers of aniaal •• ach bioaass .attmation represented (Table 2). The 

numbers also showed increases with time during Cruise 1. 

fta general distributional patterns indicated squid concentrations in the 

Bm ... 1d Bank and sable Island Bank during Cruise 1, with the Emerald Bank area 

showlnq qr_ter alMmdance. 'lYo apparent trends noted were: (1) The Emerald 

8.sin station, which i. closer inshore, showed increased abundance as Cruise 1 

prOCJr ••• ed. This aay relate to an early summer immigration of squid to the 

coastline shallow waters (squid were encountered inshore in Nova Scotia early in 

July). (ii) Late Season (Cruise 2) estimations indicated significant increases 

in Sable Island Bank area, while the EDerald Bank area showed decreases • 

• A_ Mtlw4 .... toe t __ abunclance eatJ ... tion was 

delllmStrated earlier to have many l1a1tations. Therefore, the biomass 

eallNlaiCft8 an ... applied only to the a,:ea.s a_pled. The arbi trary 

bowI",_1 •• drawn tar each sution .. y in tact be considered as the areas 

theM eatimatiONl .. _lid for. Although the total sampled area (total 

__ ~ .. __ .. 1 bMIla) reJC't ..... only abovt 0.2\ of the area of the 
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etat:loa., .~lin9 va. d.1.tr1bu~edI ~ .uch of each station. Thus, these 

estimations cannot be extr~lated into areas outside of the sample areas. 
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Figure 5. Histograms showing mean catch per unit area for each leg of Cruise 1 
and 2, stratified by time. 
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